Introduction
============

The impact of symptoms on the motivation to follow hypertension treatment regimen has been pointed out in recent research.[@b1-ibpc-7-019] For example, symptoms and side effects negatively affecting daily life might -- to some degree -- explain why poor adherence to treatment is common. Several studies show that only 30%--50% of persons with hypertension follow the treatment prescribed.[@b2-ibpc-7-019],[@b3-ibpc-7-019] The impact of this is significant, as hypertension was the largest global risk factor for cardiovascular disease[@b4-ibpc-7-019] and mortality in 2010.[@b5-ibpc-7-019]

Tsiantou et al[@b6-ibpc-7-019] suggest that cognitive and communication factors affect medication adherence. A more personal relationship with the health care professionals and an active role of the patient, as well as previous experience with hypertension, may facilitate adherence to treatment.[@b6-ibpc-7-019] Increased interaction and effective communication between health care professionals and the patient may be a way to support self-management of hypertension.[@b7-ibpc-7-019] Further, recent reviews[@b1-ibpc-7-019],[@b8-ibpc-7-019] conclude that self-monitoring appears to be a useful complement to care and is likely to lead to a reduction in cardiovascular events and mortality. Nundy et al[@b9-ibpc-7-019] suggest that behavioral models should be used to design management programs and address health beliefs, self-efficacy, and social support. A recent study by Bokhour et al[@b10-ibpc-7-019] found that patients' ability to perform self-management was affected by their explanatory models, as well as by their daily life experiences. Therefore, innovations including interaction and feedback that focus on the patient's understanding of the interrelationships between blood pressure, symptoms, medications, side effects, lifestyle, and well-being could be ways to support self-management and to motivate persons with hypertension to adhere to lifestyle and medical treatment.

To date, interventions designed to improve adherence to hypertension treatment have not been very successful. Priority should therefore be given to applied research implementing innovative methods to help patients adhere to long-term treatment.[@b11-ibpc-7-019] This is partly due to the complex nature and challenges of planning, designing, and performing interventions aimed at improving adherence.[@b12-ibpc-7-019] For example, data capture of patient self-reports and their feedback to patients and health care professionals are important aspects to consider in an intervention.[@b13-ibpc-7-019]

Mobile health (mHealth) has been defined as:

> Medical and public health practice supported by mobile devices, such as mobile phones, patient monitoring devices, personal digital assistants, and other wireless devices.[@b14-ibpc-7-019]

Mobile phones are becoming an important tool for text messaging, patient reports of daily activities, symptoms, and adherence to treatment.[@b15-ibpc-7-019]--[@b19-ibpc-7-019] Although mobile phone technology is used in a wide variety of health care settings, there are few research studies that describe the development process of mobile phone-based interventions for disease management and health monitoring.[@b20-ibpc-7-019]

There is, therefore, a need to develop innovative and effective strategies that derive from and integrate patients' and professionals' perspectives to improve adherence to both medication and lifestyle changes. A person-centered perspective[@b21-ibpc-7-019] may be helpful in guiding such efforts. The overall aim of the ongoing research program is to develop and evaluate the feasibility, effectiveness, and utility of an interactive mobile phone-based system aimed at supporting patients in self- managing hypertension. The purpose of this paper is to describe the phases in the development of the system and to report preliminary results from the initial clinical evaluations.

Methods
=======

The research program was developed by an interdisciplinary group of researchers and has a participatory orientation, which involves persons with hypertension and health care professionals working together in the development process.[@b22-ibpc-7-019] Therefore, the development and evaluation process was guided by the recommendations outlined in the US Food and Drug Administration's patient-reported outcome measures guidance.[@b23-ibpc-7-019] This framework was assessed as suitable for use with the participatory design. A communication system for mobile phones (with platforms, such as Java Micro Edition, iOS, Android, and \[from 2013\] also Windows Phone), Circadian Questions (CQ), developed by 21st Century Mobile, Stockholm, Sweden, (<http://www.cqmobil.se>), was adapted for use in this study.

Ethics
------

The project was approved by the Regional Ethics Board in Gothenburg, Sweden (study code 551-09 and T-100-12). The patients and professionals were given both written and oral information that their participation was voluntary and that their responses would be kept confidential and would only be presented as anonymous excerpts or quotes in scientific publications. The project was planned and is being conducted in accordance with the Declaration of Helsinki.[@b24-ibpc-7-019] Phases 4 and 5 were given the acronym MIHM (Mobile phone In Hypertension Management) and were registered in the Clinical Trial Protocol Registration System.[@b25-ibpc-7-019] The study was monitored by an independent monitoring board to ensure that the data were entered accurately.

Results
=======

Together, with an interdisciplinary group of researchers, patients with hypertension and health care professionals specialized in hypertension care designed and developed an initial set of questions and motivational messages for use in a prototype interactive mobile phone-based delivery system. The research program is comprised of five phases based on the methods summarized in [Table 1](#t1-ibpc-7-019){ref-type="table"}. The phases: 1) define conceptual framework and delivery system; 2) adjust conceptual framework; 3) confirm conceptual framework and delivery system; 4) collect, analyze, and interpret data; and 5) evaluate the self-management support system in clinical practice. This paper summarizes phases 1--5. For a flowchart of the research program, see [Figure 1](#f1-ibpc-7-019){ref-type="fig"}. Analysis of the research program is currently underway, and analyses of outcome data will take place in 2014.

Phase 1: define conceptual framework and delivery system
--------------------------------------------------------

The aim of phase 1 was to draft a conceptual framework for the prototype mobile phone system aimed at supporting self-management of hypertension and to explore possible uses of the mobile phone system in clinical practice.

### Procedure

Our point of departure was person-centeredness. Central to person-centered care[@b26-ibpc-7-019] is that the patient be given the opportunity and support to actively participate and be engaged in planning and decision-making regarding his or her care and treatment. There is evidence that patients report better outcomes and satisfaction with their care when they are actively involved and receive effective treatments, self-management support, and regular follow-up in coordinated systems.[@b21-ibpc-7-019],[@b27-ibpc-7-019] The Common Sense Model was used to guide the development of the self-management system,[@b28-ibpc-7-019]--[@b30-ibpc-7-019] which implies that actions taken to reduce health risks are guided by the patient's subjective or common sense perceptions of the health threat. This behavior model can help researchers and professionals understand patients' perceptions of illness and coping strategies as it focuses on the patients' beliefs about the health problem, condition, or recommended actions.

A literature search[@b31-ibpc-7-019]--[@b34-ibpc-7-019] was conducted to compile potentially relevant concepts for hypertension self-management regarding symptoms of hypertension and its treatment, clinical measurements, and examples of lifestyle habits. Additional concepts were derived from a Swedish national multicenter study.[@b35-ibpc-7-019] Motivational messages and reminders were also proposed. During this phase, seven researchers and three technical experts met at regularly scheduled meetings to discuss these issues.

The mobile phone self-report delivery and data capture system by CQ is designed such that self-reports are registered by means of the patients' own mobile phones and are returned to and stored in a database, with levels of security comparable to those used within Internet banking systems. For the purposes of this study, the CQ system was further adapted and refined so that patients could receive feedback in the form of login-restricted access to web-based structured graphical presentations of their self-reported blood pressure, side effects, symptoms, and well-being in relation to their drug intake and lifestyle. Additionally, attending physicians/nurses were enabled access to this data for use in patient consultations. The graphs were expected to serve as a tool to help patients visualize how drug intake/lifestyle relates to blood pressure, symptom relief, and well-being, and -- ultimately -- helping to improve patient adherence to treatment for hypertension. The feedback system was also anticipated to facilitate and support patient--provider (physician/nurse) interactions. Interactivity was defined: "as the degree to which a communication technology \[...\] can communicate \[...\], both synchronously and asynchronously, and participate in reciprocal message exchanges."[@b36-ibpc-7-019]

### Outcome from phase 1

A list of predefined concepts (ie, symptoms), clinical measurements, and examples of lifestyle habits was compiled to be tested in the next phase. This list is available upon request from the authors. Optional motivational messages and reminders were added to motivate the patients to follow the regimen agreed upon. A prototype of questions and motivational messages to be used in the mobile phone-based system was constructed. The mobile phone system was adapted and refined to meet the needs of the study.

Phase 2: adjust conceptual framework
------------------------------------

The aims of phase 2 were to evaluate the compiled concepts and complement them with other relevant aspects of hypertension and its treatment, eg, clinical measures, lifestyle measures, symptoms, and side effects that patients and professionals considered important for supporting self-management.

### Procedure

Three focus group interviews were performed with 15 patients and two with 12 professionals (physicians, nurses, and pharmacists) from a primary health care center and an outpatient medical clinic in Sweden. The focus group interviews were transcribed verbatim. The interviews were analyzed by means of thematic analysis.[@b37-ibpc-7-019] The thematic analysis was conducted by two of the coauthors. Both had long experience in using this method. Inclusion criteria for patients were \>30 years of age and currently taking drugs for hypertension. The health care professionals had to have experience of caring for patients with hypertension. Two interview guides, one for the patient group and one for the health care professional group, were used.

Examples of questions to the patients were: "Do you have any symptoms?"; "What inconvenience do you experience?"; and "What do you need to better manage your hypertension?"

Examples of questions to health care professionals were: "What are the aims of the pharmacological treatment?"; "Do patients share these aims?"; and "How do you motivate patients to adhere to the treatment regimen?"

A list of predefined symptoms, clinical measurements, and examples of lifestyle habits, were given to the patients and professionals, and they were asked to number these according to priority of perceived importance to follow-up.

### Outcome from phase 2

Symptoms, measurements, and habits that patients and health care professionals believed were important to assess were identified and defined.[@b38-ibpc-7-019] This information formed the basic framework for concepts and issues to be included in the mobile phone-based system.

Phase 3: confirm conceptual framework and delivery system
---------------------------------------------------------

The aims of phase 3 were to confirm the conceptual framework, specifically to examine the comprehension, comprehensiveness, and relevance of the items, and to examine the usability of the mobile phone system.

### Procedures

Based on results from phase 2, a draft set of questions was developed and adapted to the constraints imposed by mobile phone screen presentation. In this phase, content validity and usability were ensured by performing the rounds of cognitive interviews[@b39-ibpc-7-019] with 21 patients and four health care professionals selected using the same inclusion criteria as in phase 2. The analysis was based on an item tracking matrix.[@b40-ibpc-7-019]

The interactive technology[@b36-ibpc-7-019] consisted of: A) a mobile phone system for delivery and capture of patient self-reports and optional motivational messages and reminders; B) a blood pressure monitor (BP A200 AFIB; Microlife USA, Inc., Clearwater, FL, USA) validated according to the international protocol of the European Society of Hypertension;[@b41-ibpc-7-019] C) a database for storing daily patient self-reports; and D) a web-based platform for visualization of patient-reported data ([Figure 2](#f2-ibpc-7-019){ref-type="fig"}). The patients were individually trained to use the mobile phone system and to measure their blood pressure using the blood pressure monitor. Reliability of the mobile phone self-report questions was examined using a test--retest protocol.

### Outcome from phase 3

The usability, reliability, and understanding of the developed items were tested. Items that were difficult to understand were modified. The self-report system resulted in a set of questions to be asked daily. The questions were related to well-being, symptoms, lifestyle, medication intake, side effects, and blood pressure ([Figure 2](#f2-ibpc-7-019){ref-type="fig"}). A plan for pilot testing the system for 12 weeks was developed. Usability of the mobile phone-based system and blood pressure device was verified.

Phase 4: collect, analyze, and interpret data
---------------------------------------------

The aims of phase 4 were to evaluate patient self-report data and the patients' and professionals' experiences of using the interactive mobile phone-based self-management system. Analyses in this and the subsequent phase are currently underway.

### Procedures

Inclusion criteria were the same as during phase 3, with the following additions: 1) access to a mobile phone with Internet access; and 2) consent from prospective patients to access their data at the National Prescription Repository to confirm medication use.[@b42-ibpc-7-019] After results from phases 1--3 were analyzed, the design of the mobile phone self-management system was prepilot tested by two patients for 12 weeks and subsequently tested in an adequately powered 8-week clinical pilot study with 51 patients.

Self-reports by the patients will be further analyzed with a focus on blood pressure, symptoms, medications, adherence, side effects, lifestyle, and well-being. Further, patient evaluations of the motivational messages and reminders will be analyzed. Audio-recorded follow-up interviews with patients and professionals regarding the experiences of the self-management support system, focusing on the assessment of feasibility of the self-management system, were conducted after 4 weeks and after 8 weeks. Qualitative thematic analysis[@b37-ibpc-7-019] will be used to identify and analyze patterns or themes.

### Outcome from phase 4

In addition, 50 of 51 patients completed the 8-week study. Preliminary analyses showed that both patients and health care professionals considered the system to be usable and useful. Many patients reported that the web-based graphical feedback of self-reported medication intake, symptoms, physical activity, and well-being in relation to blood pressure helped them to gain insight into the importance of following the treatment regimen ([Figures 3](#f3-ibpc-7-019){ref-type="fig"} and [4](#f4-ibpc-7-019){ref-type="fig"}); however, some of the patients pointed out that the graphs were difficult to interpret and suggested the need to simplify them.

Phase 5: evaluate self-management support system in clinical practice
---------------------------------------------------------------------

The aims of phase 5 were to evaluate and analyze whether an interactive mobile phone self-management support system can facilitate and improve: 1) the patients' understanding of the importance of adhering to treatment; and 2) the patient--physician/nurse interactions and patient participation in care. Analyses in this phase are currently being conducted.

### Procedures

Inclusion criteria were the same as in phase 4. Patients received feedback in the form of secure web-based graphical presentations of their daily self-reported blood pressure, side effects, symptoms, and well-being in relation to their drug intake. Additionally, attending professionals also had an immediate login-restricted access to the data for use during, for example, patient consultations and counseling. The graphs were intended as a tool to help patients visualize how drug intake relates to blood pressure, symptom relief, and well-being, and -- ultimately -- as an aid to improving patient adherence to treatment ([Figure 4](#f4-ibpc-7-019){ref-type="fig"}). Ten patient--physician/nurse consultations were audio-recorded; ten were video-recorded to document and evaluate the use of the self-management system in follow-up consultations. The recordings will be transcribed and analyzed by means of interaction analysis[@b43-ibpc-7-019] to explore the structure and the content of the interaction between patient and professional.

### Outcome from phase 5

Analyses of the patient--physician/nurse consultations are currently being conducted. A central research question is if and how the system influences and transforms such consultations, particularly with respect to traditional patient--provider roles, responsibilities, participation levels, etc, within a framework for person-centered care.[@b21-ibpc-7-019],[@b27-ibpc-7-019] The length of the conversation, discourse space, words, and the initiation of topics -- as well as the risk factors addressed in the consultations -- will be explored. Specific questions to be addressed include: "How does the mobile phone-based system mediate communication between health care professionals and patients?"; "What problems become topical and how are these dealt with?"; and "What conditions are decisive for the individual's learning, ie, the process of becoming more independent and successful in managing hypertension?"

Discussion
==========

This paper summarizes the development and preliminary evaluation of an interactive self-management support system for hypertension comprising a set of questions and motivational messages delivered and captured by means of mobile phone-based technology. The system comprises a module for the delivery and capture of patient reports of well-being, symptoms, lifestyle, medication intake, and blood pressure by means of mobile phone-based technology, tailored phone-based motivational messages, and reminders. Preliminary analyses indicate that the system is indeed useful to and intuitively usable by patients in self-managing their hypertension. In this study the patient's own mobile phone was used and this probably facilitated the use of the self-management system in everyday life. Patients, health care professionals, technical experts, and an interdisciplinary group of researchers were involved in the development and evaluation process to enhance the utility and functionality of the system.[@b44-ibpc-7-019]

Our research program endeavors to develop and to evaluate a tool to empower patients in self-managing their hypertension and in their interactions with health care professionals. Mobile phones and blood pressure devices are widely available and are practical, low-cost tools that may facilitate and support patient empowerment and involvement in their management of hypertension. There is convincing evidence that home blood pressure measurements provide more reliable values and are better predictors of cardiovascular complications than clinic-based measurements.[@b45-ibpc-7-019],[@b46-ibpc-7-019] Feedback from our system, in the form of graphs of reported symptom experiences, blood pressure, etc, in relation to one another, may serve to promote understanding of the interplay between symptoms, exercise, medication intake, and blood pressure and to support health care consultations.[@b47-ibpc-7-019]

Indeed, mHealth solutions developed from an interdisciplinary perspective have the potential to improve counseling and, thereby, motivate patients to adhere to treatment, and thus make better use of health care resources.[@b48-ibpc-7-019] However, a major challenge for health care lies in transforming traditional paternalistic patient--physician/nurse relationships such that the patient may take a more active and equal role in planning and decision making regarding his/her care and treatment, in line with person-centered approaches.[@b21-ibpc-7-019] The importance of this integrated approach to hypertension management for adherence to treatment has previously been emphasized[@b49-ibpc-7-019] and identified as a key factor for effective communication in hypertension care.[@b7-ibpc-7-019]

The rapid growth in the use of mobile platforms to report health status, driven both by the medical technology industry and patient groups (such as Quantified Self), stands in contrast to the rigorous and demanding process of evaluating their use in clinical practice.[@b50-ibpc-7-019] It is important to distinguish between endeavors to develop solutions appropriate for patients with specific characteristics and more demanding endeavors to develop and test more generic solutions applicable in wider patient groups, including the assessment of how these solutions might influence the patient--physician relationship. The time required to develop an mHealth intervention may be as long as 3 to 4 years.[@b20-ibpc-7-019] This time is particularly long considering that the technology itself continues to evolve quickly and people's use of the technology is continually changing. Nonetheless, evaluation of new technologies in a structured manner is important to understand how various factors affect the development process from both a technical and human perspective.

Relying heavily on the principles of participatory design, the system is unique in that its various components stem principally from the patients themselves about what they need to more effectively self-manage their high blood pressure, as well as on the clinicians' views of their clinical relevance. Hence, our point of departure was that the system should be: 1) clearly useful to patients in managing their hypertension; and 2) relevant for clinical practice. Another guiding principle in developing the system was that it should be easy to use and to rely on readily available and, for the patient, familiar technology, vis-à-vis his/her own mobile phone. Hence, a major challenge was to produce a system that would function even on small mobile phone displays.

A limitation of participatory design approaches, as in this study, is that they are often associated with selection bias; for example, often the responsive patients who already adhere to treatment are included and nonadherent patients for whom the intervention is potentially most beneficial are often excluded. Another limitation is that patients and health care professionals may find it difficult to evaluate a technology system that they are unfamiliar with. This was evident in phase 2 of our study, but in phases 3 and 4, they had received training with and had a chance to familiarize themselves with the system.

The mHealth is a relatively new field and little is still known about how to best develop and evaluate new technologies to be used in clinical practice.[@b20-ibpc-7-019] The impact of increased patient awareness of hypertension and new treatment technologies has been pointed out in several new guidelines for the treatment of hypertension. According to the National Health and Nutrition Evaluation Survey in 2007--2010, only 81.5% of those with hypertension are aware of their condition, 74.9% are being treated, and only 52.5% are under control, with significant variation across different subgroups.[@b51-ibpc-7-019] There are many systems for follow-up, such as short text messaging, symptom monitoring, and reminders as a means of interaction with users.[@b52-ibpc-7-019]--[@b54-ibpc-7-019]

Interaction between the patient and the health care professional may be a key issue when developing a self-management system. The active involvement by the patient, regardless of the technology, is of special importance in primary care and for follow-up of long-term conditions.[@b51-ibpc-7-019],[@b55-ibpc-7-019] It is necessary to document development processes and outcomes from mHealth interventions so that we can continue to learn and improve our knowledge base about useful interventions in clinical practice.

Conclusion
==========

Our research program endeavors to develop and evaluate an interactive mobile phone system to support self-management of hypertension by enabling patients to gain a first-hand understanding of how their medication intake and lifestyle affects blood pressure and well-being. Applying a participatory approach that involves patients, health care professionals, and technical experts when developing and designing the system appears to have resulted in a system that patients find very useful for self-management of hypertension. Evaluation of new mHealth systems in a structured manner is important to understand how various factors affect the development process from both the technical and the human perspective. Forthcoming analyses will evaluate the effectiveness and utility of the mobile phone-based system in supporting self-management, in facilitating patient participation, and in communication with physicians and nurses.

We are indebted to the patients, professionals, and experts for their contributions to this research. The research reported here has been financed by and conducted within the University of Gothenburg Learning and Media Technology Studio, in collaboration with the University of Gothenburg Centre for Person-Centred Care in Sweden. The Learning and Media Technology Studio is a strategic initiative for promoting interdisciplinary research within the learning sciences at the University of Gothenburg that addresses issues of knowledge, learning, communication, and expertise in contemporary society. The University of Gothenburg Centre for Person-Centred Care is funded by the Swedish government's strategic investment in health and care (application to the Swedish Research Council number 2009--1088) and cofunded by the University of Gothenburg, Gothenburg, Sweden.
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![Flowchart of the research program.](ibpc-7-019Fig1){#f1-ibpc-7-019}

![Overview of the interactive self-management support system.\
**Notes:** The system consists of: (**A**) mobile phone-based system for the self-report questions, together with optional motivational messages and reminders; (**B**) blood pressure device; (**C**) database for real-time registration of the daily self-reports captured from the mobile phone; and (**D**) web-based platform for real-time visualization of the patients' reported data, available after log-in for the patient and physician/nurse and, for example, at consultations.](ibpc-7-019Fig2){#f2-ibpc-7-019}

![Graph shows combined responses to daily physical activity and perceived levels of stress over 8-week period.](ibpc-7-019Fig3){#f3-ibpc-7-019}

![Screenshot from the web-based platform (prepilot study of 12 weeks).\
**Notes:** Upper graphs show blood pressure. Systolic (black squares) and diastolic (red dots). Bottom graph shows drug intake (red squares). A distinct rise in blood pressure can be seen when the patient did not take the antihypertensive drug The communication system for mobile phones Circadian Questions (CQ) was used (<http://www.cqmobil.se>).](ibpc-7-019Fig4){#f4-ibpc-7-019}
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Overview of phases, aims, design, participants, methods, and analyses in the development process of an interactive mobile phone-based system to support self-management of hypertension

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                 Phase 1\                                                                                                    Phase 2\                                                                                        Phase 3\                                                                                        Phase 4\                                                                                    Phase 5\
                 Define conceptual framework, delivery system                                                                Adjust conceptual framework                                                                     Confirm conceptual framework, delivery system                                                   Collect, analyze, interpret data                                                            Evaluate self-management support system in clinical practice
  -------------- ----------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------
  Aims           to draft conceptual framework for prototype mobile phone system                                             To evaluate compiled concepts and complement them with other relevant aspects of hypertension   To examine comprehension, comprehensiveness, relevance of items, and to examine its usability   To evaluate patient self-report data, experiences of using self-management support system   To evaluate understanding, interaction, participating in care

  Design         Explorative                                                                                                 Qualitative, interpretive                                                                       Design, pilot testing                                                                           Qualitative, quantitative, before--after design                                             Qualitative, interpretive

  Participants   Researchers from interdisciplinary group (n=7); technical experts on developing mobile phone system (n=3)   Patients (n=15); professionals (n=12)                                                           Patients (n=21); professionals (n=4)                                                            Patients (n=50); professionals (n=8)                                                        Patients and professionals in audio (n=10) and video (n=10) recorded consultations

  Methods        Literature search, experience of evidence-based practice                                                    Focus groups                                                                                    Cognitive interviews                                                                            Mobile phone self-report questions, semistructured interviews                               Audio/video recording, semistructured interviews

  Analyses       Descriptive                                                                                                 Thematic analysis                                                                               Structured iterative analysis; item-tracking matrix                                             Descriptive, analytical statistics; thematic analysis                                       Interaction analysis
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
